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Abstract: The tetracyclic compound 18, possessing the stemodane skeleton, was synthesized from 1,4-cyclohexancdione mono-

cthylene ketal 7. The key sieps, 6—5 and 16—18, involve intramolecular Dicls-Alder reaction.

Because of unique carbon skeleton and alleged medicinal propertics of Stemodia maritima L,! the stemodane group of
diterpenoids has received considerable auention as targets for synthesis.2 Herein we report an cfficient synthesis of the stemodane
nucleus 18, as part of a study directed toward the total synthesis of siemodin 1. Our strategy based upon the synthetic analysis is
shown below. Namely, the intramolecular Diels-Alder reaction of the tricne 6, obtained from 7, would give the tricyclic ketone 5,
which could be transformed into 3 via the aldehyde 4. The sccond intramolecular Dicls-Alder reaction of 3 would afford the tetracyclic

compound 2, convertible into stemodin 1.

Scheme 1

Stemodin 1

In order 1o explore the feasibility of the designed synthetic strategy, stereocontrolled synthesis of 18 was first examined as a
model experiment for the construction of 2. The requisite tricne 6 for the initial Dicls-Alder reaction was readily prepared as described
below. A commercially available 7 was converted into the alcohol 8 in the usual manner (1. (E10)2P(O)CH2CO4Et / NaH in DME,
2. Hy/ 10% Pd-C in ElOAc, 3. LAH in THF, 95% overall yield), which was [ollowed by oxidation3 with $0O3-Py / DMSO in the

presence of Et3N to afford the aldchyde 9 (77%). Scicctive preparation of the (E)-dicnes, developed by Yamamoto4
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(PhaP(O)CHoCH=CH; / "BuLi / HMPA in THF), was applicd 10 9 to give risc 10 10 (61%),5 which was converted into the tricne 6
in three steps (1. 10% HCIO4 in THF, 2. HCOZEt / NaH in CgHg, 3. Bz30 / Py / DMAP in CHCly, 87%). Heating 6 in the
presence of a catalytic amount of methylenc blue®-in o-dichlorobenzene at 180 °C for 6 h produced a mixturc of two tetracyclic
compounds (5 and 11) and the isomerization product 127 (70%) in a ratio of 7 : 1 : 0.5. The structure of the major component 5§ was

determined by X-ray analysis.3
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The preferrcd formation of § could be due 10 a "concerted but nonsynchronous” transition state for the cyclization.60:9 The
steric congestion between the olefinic hydrogen and the axial hydrogen in the ninc membcered ring transition state 13b, first partially

formed, makes il less favorable than the aliernative transition statc 13a which affords the desired product S.
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Our synthetic efforts were next focuscd on the ring opening and subscquent introduction of dicnc and dicnophile portions for

the sccond intramolccular Diels-Alder reaction. Toward this end, the carbonyl moicty of 5 was removed by Wolff-Kishner reductionl®

and the resulting alcohol was transformed into the ketone 14 in two steps (1. Hz2/ 10% Pd-C in EtOAc, 2. PCC / 8i07 in CH2Cla,
68%). The treatment of 14 with Vedeys' reagent!! in THF (-78°C, 1.5 h), lollowed by oxidation with Pb(OAc)4 in McOH-CgHg(1:3
v/v) aL 0°C for 1.5 h gave 15 (35 %). Alter Willig reaction in the same manner as previously, transformation of the resulting ester to

the trienc 16 was carried out by two steps, methylation with McLi (28%)'2 and dchydration with SOCl, in Py (86%). An
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intramolccular Diels-Alder reaction was conducted in the presence of methylenc bluc® in tolucne at 220 °C for 96 h in a sealed tbce 10

produce the tetracyclic compound 18 in 89% yicld as a single product. The stercochemistry of 18 was deduced on the preference of the

exo-conformer 17 in the transition statc during the thermolysis and the spectral evidence of 19; particularly due (o the similarity of

the half-band width (Wh/2=1.00 Hz) of the angular mcthyl group with the pr()pnséd13 that (Wh/2=0.91 Hz) of the mcthyl group

possessing two anticoplanar protons at the Cyp position in trans-dccalin - derivatives.
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H N Me
10% Pd-C

EtOAc A

19

Application of this novel methodology (0 the synthesis of stemodin 1 is in progress.
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